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DOE OE Storage Program Structure at PNNL

» Cost Competitive Technologies (Wei Wang)

B Develop material and system enhancements to resolve key cost and
performance challenges for energy storage devices.

» Safety and Reliability (David Reed)

B Develop scientifically derived knowledge base for new protocols and standards
to enable safer and more energy storage systems.

» Equi tabl e Regul atory Environment (

B Support an equitable regulatory environment for energy storage applications by
providing information and analysis with regulators to support advanced
investigations into storage.

» Industrial Acceptance (Patrick Balducci)

B Enable the confident development, deployment and operation of grid energy
storage through controlled testing and valuation of field deployed systems.



Cost Competitive Technologies

Flow Battery Development

FY18 Demonstratednew Aqueous Soluble Organic U
(ASO) redox flow battery electrolyte capable of meeting
$250/kWh cost target for a projected1lMW/4MWh
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Wei Wang 1 PNNL Session Thrust
(9/25 - 4:00-5:15 pm)

Vijay Murugesan - Flow Battery
Electrolyte Chemistry
Development (9/25 7 4:00 pm)

Aaron Hollas - Aqueous Soluble
Flow Battery Development (9/25 i
4:15 pm)

Zimin Nie i Mechanistic
Understanding of V Electrolytes
(Poster: 9/26 7 5:00 pm)

Michael Aziz (Harvard) i Alkaline
ASO Flow Battery Electrolytes
(9/26 1 2:30 pm)

Brian Berland (ITN) -Advanced Bi-
additive Vanadium Sulfate
Electrolyte (9/26 7 3:45 pm)
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Na based technologies Proudy Operted by Bt i 196

FY18Developed and demonstrated three novel FY18 Demonstrated 40% improvement in
sodium ion anode materials with capacities (350 energy density for loweost NFeCJbattery

mANQ) comparable to Lion enabling complete usage of available material
FY19 scale to pouch cells capacity.
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U  Xiaochuan Lu i Fabrication of Flexible

U Xiaolin Li - Na-ion Battery Composite Electrolytes (Poster: 9/26 1
Development (9/25 - 4:45pm) 5:00 pm)
U Biwei Xiao T Cathode Materials for Na- U Guosheng LiT Cell Design and Testing of

ion Batteries (Poster: 9/26 i 5:00 pm) Na-Metal Halide (Poster: 9/26 i 5:00 pm)
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F18:ldentified neutral pH electrolyte and
electrode components to stabilize-KmO, over
thousands of cycles
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U Huilin Pan 7 Mild Aqueous Electrolytes for Zn-MnO,
(Poster: 9/26 17 5:00 pm)

U Hee Jung Chang - Zn-MnO, Battery Characterization
(Poster: 9/26 1 5:00 pm)
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FY18initiated monthly Storage CSR

newsletter. EY18Hosted 2018 Energy Storage

Systems Safety and Reliability Forum
in Seattle. 100 attendees

Energy Storage Systems Safety Roadmap

DOE OE Focus on Codes and Standards — August 2018

The goal of the DOE OE Energy Storage System Safety Roadmap' is to
toster confidence in the saflety and reliabilty of energy sforage systems

What's Time Sensitive o Mew?

IEEE 1635-18/ASHRAE Guideline 21-
Thete are three interrelated objectives to support the realization of that e e =
goal: research, codes and standards and The
odjective focused on codes and standards is Stationary Appiications has been
approved.

To apply research and development to support efforts that
are focused on ensuring that codes and standards are

Public comments received on NFPA

availabie fo enable the safe implementation of energy 1.can be sccessed ot
storage systems in @ comprehensive, non-discnminatory 0
and science-based manner. ‘standercs/aiicoges-and-
sandrdyistolcodue-ws:
The following actities support that odjective and reaization of the goal S et code- 1tabunexte
2 Review and assess codes and standards which aflect the esign, | 40 and wall bo consickred al the
instagation, and operalion of energy storage systems (ESS) o S D 20 8l
b, ldentity gaps in knowledge that require research and analysis that
The first draft reports for NFPA 1078,
€an serve as a basis for Crterta i hose codes and standards

. Identity areas in codes and standards that are potentially in need of | Professional Qualifications and
revision or enhancement and can benefit from activities conducted NFPA 78, Guide on Electrical
uncer research and cevelopment Inspections, have been posted and

d. Develop input for new ot revisions to existing codes and standards comments with a ciosing date of
through individual stakeholders, facilitated task forces, of through October 31, 2018.

laboratory staff supporting these efforts.

The purpose of this document is to support the abave activities by providing Mﬁmw
is

Information on efforts being conducted by U.S. standards ped.

organtzations (SDOs) and other entities that are focused on ESS safety Franks (see CSA update balow)

about participation.

‘The information is organized relative to the scope of each document and

energy storage systems from the “macro to the micro” (e.g., from overarching covering considerable scope to

covenng a single system component of an energy storage system). Note aiso that more macro documents are likely

10 adopt by reference more micro documents.

Changes In current activity from the prior edition are shown in bold italics. Time-sensitive items (e.g., those

having a schedule/due date) are in bold type and highlighted in yellow.

CS for ESS Cs for CS for ESS
B (nstallation [ Complete ESS BN Components
+ Overarching Codes and Standards — the built environment at large that includes but is not limited to E$Ss.
« Codes and Standards for ESS Instaliations ~ the installation of the ESS refative (o other systems and parts
of the built environment.
« Codes and Standards for a complete ESS.
« Codes and Standards for companents associated with the ESS.

! DOE O Energy Storage Systems Saety Roadmap, PNNL-SA-126115 | SAND2017-5140 R hitps I
20170

PNNL-27852

Energy Storage Systems Roadmap

c:

Charlie Vartanian - Codes and Standards Update (9/26 7 3:15 pm)
Charlie Vartanian i IEEE ES Task Force Overview (9/26 7 5:00 pm)

c:
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FY18Continued testing on Li ion cells (NMC, ESS Systems Reliability Laboratory
NCA, LFP) showing impact of grid duty cycle

NMC (3.2Ah) NMC (3.0Ah)
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FY181l aunched ESS Reliability Lab to provid

Independent validation of kW scale; flow, Li

ion, Nametal halide, Pkacid systems under
grid duty cycles.

U Daiwon Choi - Li-ion Battery Chemistries under Grid Duty Cycles (9/25 71 5:00 pm
U David Reed i Reliability Laboratory at PNNL (Poster: 9/26 7 5:00 pm)
U Bin LiT Reliability studies V/V RFB batteries (Poster: 9/26 17 5:00 pm)
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Regulatory and Industrial Acceptance Pacific Northwest

FY18Developed Hay Energy
Storage Seminar for (WECC) and
0KS {GFradS t!/ Qa

FY18 Established MOU with
Public Utility Commission of
Nevada (PUCN) to provide
technical support to the PUC as
they implement Nevada State Bill
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FY18l aunched Energy Storage
Policy Database

U Jeremy Twitchell - State Regulatory
Engagement (9/257 3:00 pm)

U Jeremy Twitchell i IRP Analysis (9/26 i
5:00 pm)



